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A high percentage of brown colour Tettigonia viridissima 
when reared in the laboratory 


Howon Rhee 


Abstract 


The coloration of Tettigonia viridissima is mostly green. However, among animals 
reared in the laboratory, a high percentage of brown individuals was discovered. 
This unusual coloration is discussed favouring the idea of multiple reasons. 


Zusammenfassung 


Heuschrecken der Art Tettigonia viridissima sind in der Natur fast immer grün. Aber 
wir haben verhaltnismaBig viele braune Individuen gefunden, wenn wir die Art im 
Labor vom Nymphenstadium bis zum erwachsenen Tier aufgezogen haben. Eine 
derartige Farbvariation war bisher unbekannt. Die Ursachen der neuen gefunde- 
nen Farbvariation werden diskutiert. Möglicherweise sind viele Faktoren beteiligt. 


Introduction 


Due to ecological selection, morphological phenotypic plasticity is crucial for many 
animal species (BOND 2007, BERGSTROM & DUGATKIN 2012). Many orthopteran 
species perform cryptic coloration following this strategy (GWYNNE 2001, BENTON 
2012). Tettigonia viridissima is a large and widely distributed European bush- 
cricket species (RHEE 2013, GRZYWACZ et al. 2017). As the scientific name "virid- 
issima" (= very green) and the common name "The great green bush-cricket" im- 
ply, the species has typically and mostly a green body coloration in their natural 
environment (DETZEL 1998, SCHLUMPRECHT & WAEBER 2003, PFEIFER et al. 2011, 
BENTON 2012). Yellow individuals (form flava, NEDELKOV 1908) are rare in nature 
(DETZEL 1998, PFEIFER et al. 2011) and are sometimes hypothesised as a kind of 
incomplete albinism (WILLIG 1969, WIGGLESWORTH 1971, WIGGLESWORTH 1972, 
PFEIFFER et al. 2012), i.e. the missing of (a) certain pigment(s). During rearing an- 
imals for an experiment, many green nymphs sampled from nature changed sur- 
prisingly into fully brown body colour with pinkish abdomen sequentially after each 
moulting in the lab. This coloration was not found in the natural environment where 
green individuals were very common. In the laboratory, many individuals were 
closer to the brown morph observed from nymphs and just moulted adults. In this 
paper, | will describe the continuous colour variation from green to brown of 
Tettigonia viridissima in the laboratory and discuss possible reasons. 
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Material and methods 


33 males fifth (from seven) instar nymph of Tettigonia viridissima were sampled in 
a meadow nearby Fachhochschule Bielefeld from 20'" May 2018 to 3" June 2018 
(Fig. 1). All individuals were green when they were captured (Fig. 1). All animals 
were reared individually in plastic beakers containing of three short wood chop- 
sticks for moulting and resting (Fig. 2). Each beaker was covered by a very soft 
nylon mosquito nets from one Euro shop (Fig. 2). The distance between beakers 
was fixed and they were standing close to each other. During the rearing, two small 
to medium sized house crickets nymphs (Acheta domesticus) or brown silent crick- 
ets nymphs (Gryllus assimilis) bought from Fressnapf pet shops, and four Poten- 
tilla aurea flowers from nature were given as meal once every two days. The size 
of crickets fed depended on the status of the instars of the nymphs because 
younger instars could not feed and hunt well on relatively large food crickets, com- 
pared to the older instars. The temperature of the chamber was maintained at 
25 °C (humidity unknown). The light was controlled for a duration of 12:30 Light 
and 11:30 Dark. Water was sprayed on the net of the cage once per week, and 
once a day only for the animals in the moulting stage detected by thickness of wing 
and mandibular dehiscence. 
7 
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Fig. 1: A 1% nymph instar Tettigonia viridissima from 6" May, 2018 in Bielefeld, Ger- 
many and green 5t" nymph instar Tettigonia viridissima male (inset), 20" May, 
2018 in the field in Bielefeld, Germany. 
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Fig. 2: a) A beaker cage for individuals of Tettigonia viridissima; b) Rearing condition 
of Tettigonia viridissima in the lab until the adult stage. 


c) 





Fig.3: The colour variation of Tettigonia viridissima in the laboratory population 
a) Brown individual; b) Greenish brown individual; c) Brownish green individual; 
d) Green individual. 


All individuals moulted to adults from 7*™® June 2018 to 23 June 2018. In order to 
define the continuous colour variation of the species in the lab, the numbers from 
0 (brown) to 3 (green) were used for each individual. 29 individuals from the 33 
samples were used to score the variation because some individuals died due to 
moulting failure during the rearing. The scoring was conducted on the 27" June 
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2018 when all adults were relatively young (4-20 days old). The scores were de- 
fined to include all colour variation and these were translated into identifiers during 
the data analysis. Brown (score 0) indicates that the body colour of an individual 
is full brown and sometimes, with some green flakes or purple on the abdomen 
(Fig.3a). Greenish brown (score 1) is that the body is mostly brown but there are 
some green flakes on the pronotum and hind legs and some parts of fore wings 
(Fig.3b). Brownish green (score 2) means that there are few brown flakes on the 
pronotum and all fore and middle legs with only hind tibia are brown, but fore wings 
and hind femora are green (Fig. 3c). Green (score 3) is that animals are full green 
and there are sometimes with only slightly yellowish markings on the tibias of the 
legs (Fig. 3d). In order to avoid sensory colour bias for the illustration pictures of 
the figure 3, an artificial black box for the animals and two books for the height for 
the box were used with the same position and the same time of the same day at 
my office. All pictures were taken using a Nikon D-7000 with 85 mm micro lens 
with 1/125 shutter speed and F 4 for the aperture with fixed power of the flesh light. 
The bar chart in the figure 4 was made from R Studio-program (R Core Team 
2016). 


Results 


During rearing, most animals changed continuously their coloration from green to 
brown stepwise with every moult (not documented by photos). Among adults, 
brown was the most dominant colour (13 out of 29 individuals; 44.8%) and green- 
ish brown was next with 9 out of 29 indi- 
viduals (31%) (Fig. 4). Green was the 


<+ 
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ee rarest colour in the population with 3 
from 29 individuals (10.3%) and 4 indi- 
$ viduals were brownish green, which was 


13.8% within the population (Fig. 4). 


e Thus, 22 from 29 individuals (75.9%) 

J were close to brown, while only 7 individ- 
uals from the total sample (24.1%) were 

~ close to green (Fig. 4). 

2 E | Fig. 4: 


Brown Greenish brown Brownish green Green The number of individuals for each colour 
Colour Variation variation in the studied sample (n=29). 


Number of Individuals 


Discussion 


Brown individuals of Tettigonia viridissima were found more frequently than green 
individuals in the laboratory, although all nymphs were green in nature during the 
sampling before they were reared in the lab. In the field, no brown nymphs and 
adult animals were observed. Consequently, this colour variation might be consid- 
ered as a kind of morphological phenotypic plasticity. Genetic reasons resulting 
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from missing pigments can be excluded — the animals could synthesise green pig- 
ments before capture. Brown animals together with green animals are found in 
many species of Orthoptera (DETZEL 1998, BENTON 2012) and also among tettigo- 
niids. Here most examples are found among conocephalids (ODA & ISHII 2001), 
phaneropterids (ERGENE 1956) and tettigoniines (CHERRILL & BROWN 1991). Addi- 
tionally, blackish brown individuals have been discovered in natural populations of 
the closely related species, Tettigonia orientalis complex in Japan (ICHIKAWA et al. 
2006, MURAI & ITO 2011). The brown body colour may be explained under several 
hypothesis. 


(1) Phenotypic variation in coloration may result from population density 
Some Orthopteran species have different colour polymorphism at different density, 
especially in many locust species (SWORD 1999, NIJHOUT 2010, SONG et al. 2017, 
BENTON 2012). Hence, the density could affect the coloration of the species based 
on morphological phenotypic plasticity. Even though we reared all individuals indi- 
vidually with separate beakers, the animals may have detected the density of the 
population with the sense of odour. HAMOUDA et al. (2011) observed that a high 
percentage of yellow solitary form of Locusta migratoria was found when they were 
reared at relatively high density. Schistocerca gregaria gregarious nymphs reared 
at high density have aposematic coloration (SWORD et al. 2000, ERNST et al. 2015). 
Swarms of Tettigonia viridissima were discovered in the past (HARZ 1957, cited 
e.g. by INGRISCH & KOHLER 1998, SCHLUMPRECHT & WAEBER 2003). However, 
there is no information about morphological traits of individuals during the swarm. 
Consequently, there is the possibility that brown individuals are a result of gregar- 
ious phase of Tettigonia viridissima. 


(2) Environmentally induced green-brown dimorphism 

Many Orthopteran species change their body coloration depending on the envi- 
ronmental condition (DEARN 1990, OWENS 2010, BENTON 2012). Thus, three pos- 
sibilities (BENTON 2012) were discussed below. 


Indirect: Adaptation to colour of surrounding 

The individuals in the lab were not surrounded by green plants so the animals 
probably could have realised visually that such trait (brown coloration) is more 
beneficial than the trait found in the nature. According to PFEIFFER et al. (2011), 
who referred to an old study (FOERSTER 1846), yellow individuals of the species 
were difficult to distinguish from ripe corns, while green individuals were easy to 
detect from such background and green individuals tended to live on green plants 
more than yellow individuals. INGRISCH (1999) stated that the reason of a high pro- 
portion of green individuals of Pseudorhynchus acuminatus was that they probably 
succeeded to escape from visual detection of predators with the cryptic coloration 
during rainfalls in tropical forests. ROWELL (1971) showed that many grasshoppers 
have visual ability to percept colours of environment surrounding them. GILLS 
(1982) stated that Circotettix rabula in Colorado, the United Stated of America 
could choose the place resembling with their body coloration using visual ability. 
Consequently, Tettigonia viridissima could have visual ability to detect the colour 
of the environment surrounding them. 
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Direct: Temperature effect 

WILLIG (1969) stated that individuals of Carausius morosus reared at 28 °C were 
between pale beige and dark brown, while individuals of the species reared at 
18 °C became pale green. SEVGILI et al (2018) stated that melanism of insects 
affects their body temperature a lot because dark colour absorbs solar energy di- 
rectly and quickly. In nature, the temperature relates to the light condition and 
these are less independent each other. However, in my study, the temperature 
was constant and controlled but the strength of light is relatively lower than nature. 
Consequently, the relationship between light condition and temperature is inde- 
pendently in the laboratory condition. Thus, just only temperature itself would be 
less likely to affect the coloration of Tettigonia viridissima. 


Direct: Dryness/moisture 

OKAY (1953) showed that the colour of nymphs in Acrida spp, Locusta migratoria 
migratorioides and Schistocerca gregaria changed depending on the humidity of 
plants food. LYMBERRY (1992) showed that Mygalopsis marki in Australia had 
higher percentage of brown individuals in dry and autumn population than in wet 
and spring population. Hence, the same could have been happened if different 
populations of Tettigonia viridissima (Mediterranean population vs Northern Euro- 
pean population) react differently. Namely, the dry condition of the laboratory could 
influence the colour variation of the species. This could be tested by rearing ani- 
mals under different conditions with different populations. If this hypothesis is right, 
due to evolutionary adaptation, Tettigonia viridissima lost colour polymorphism 
quite recently with their habitat and the current climate. Hence, the genetical poly- 
morphism is still maintained, even though the genes indicating different colour 
morphs are not expressed in nature usually. 


(3) Properties of food 

In Tetrix subulata, dietary difference among colour morphs have been described 
(KARPESTEM & FORSMAN 2011). Thus, possibly, the dietary choice can affect the 
coloration of the species. INGRISCH (1976) and INGRISCH & KOHLER (1998) showed 
that Tettigonia viridissima feeds on high diversity of plants and animal species. 
However, since we controlled the food, choice was very limited. According to own 
observation during the rearing, a related species, Gampsocleis sedakovii obscura, 
changed the colour from green to brownish during the growth when the species 
was caught in nature and reared them in the cage with limitation of food choice. 
INGRISCH (1999) stated that physiological mechanism of colour change in Orthop- 
tera could be based on different foods showing with seasonal variation. Conse- 
quently, from these reasons, it is possible that a specific food component neces- 
sary for the green coloration (humidity of plants or particular species of plants or/ 
and flowers or/and other insect species) was lacking in our experiment. Therefore, 
the food effect could be studied in the future. 


(4) Combination of factors 

The coloration of many species in Orthoptera do not depend on just one single 
factor but the multiple environmental effects may influence coloration of a species. 
DEARN (1990) stated that colour polymorphism of grasshoppers is determined from 
humidity contents of food, population density and temperature. If the temperature 
is relatively high then either humidity is relatively wet or dry (temperature + 
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humidity), if the humidity is dry, wet food will be clumped only in restricted areas 
so the density of the species will be increased (dry + population density), other- 
wise, they will consume relatively dry food from this environmental condition (dry 
+ dry food). Only individuals with high density feeding on Ptelea spp plants have 
aposematic coloration in nymphs of Schistocera emarginata (SWORD 1999). WIG- 
GLESWORTH (1972) cited ROUSSEL (1966) that corpora allata of Gryllus bimaculatus 
inhibited black pigmentation of individuals during the experiment. Possibly, the 
food and the population density could affect the hormone whether it expresses to 
inhibit melanism or not. Consequently, even though the animals were reared in the 
laboratory, the coloration of Tettigonia viridissima is possibly not simple to analyse 
from just only one single reason. All factors described above could influence col- 
oration of the species and possibly unequally. 
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